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Abstract An odorant-binding protein from the Southern
house mosquito, Culex pipiens quinquefasciatus (Cqui-
OBP1) binds to the mosquito oviposition pheromone
(MOP), 6-acetoxy-5-hexadecanolide to facilitate the trans-
port of MOP to membrane-bound odorant receptors. We
report complete NMR chemical shift assignments of Cqui-
OBP1 bound to the MOP pheromone obtained at pH 7.0 and
25C (BMRB no. 16175).
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Biological context
To ﬁnd mates and successfully reproduce, insects rely
heavily on pheromone detection. Odorant-binding proteins
(OBPs) (Vogt and Riddiford 1981) and odorant receptors
(ORs) (Clyne et al. 1999; Vosshall et al. 1999) are essential
for the uptake, delivery and detection of sex pheromones
(Leal et al. 2005). Molecular interactions amongst phero-
mone molecules, OBPs and ORs lead to a remarkable
selectivity and sensitivity of the olfactory system in insects.
The odorant-binding protein from the Southern house
mosquito, Culex pipiens quinquefasciatus (CquiOBP1)
binds tightly to the mosquito oviposition pheromone
(MOP), 6-acetoxy-5-hexadecanolide to facilitate the trans-
port of MOP to membrane-bound ORs. Cqui-OBP1 binds
tightly to MOP at neutral pH and undergoes a pH-dependent
conformational transition at low pH (Leal et al. 2008)t o
control release of MOP to the OR on the membrane surface,
where the local pH is estimated to be low. Three-dimen-
sional structures of a few OBPs are known at low pH
(Damberger et al. 2007; Lautenschlager et al. 2007), but the
atomic-level interaction of OBPs and ORs at neutral pH are
not well understood. The three-dimensional structure of
OBPs as a function of pH and bound ligand may unveil how
ORs are activated by pheromones. We report here NMR
assignments of CquiOBP1 bound to MOP at pH 7.0, as an
important ﬁrst step toward elucidating the atomic-level
structural recognition of MOP binding to CquiOBP1.
Methods and experiments
Expression and puriﬁcation of CquiOBP1
Uniformly
15N-labeled and
13C,
15N-labeled CquiOBP1
was expressed in E. coli and puriﬁed by ion-exchange and
gel-ﬁltration chromatography as described previously
(Damberger et al. 2007). Typically, 5 mg of puriﬁed pro-
tein was obtained from a 1 l culture. The identity and
integrity of the ﬁnal protein sample was conﬁrmed by
SDS–PAGE and LC-ESI/MS.
NMR spectroscopy
Samples for NMR analysis were prepared by dissolving
15N, or
15N/
13C-labeled CquiOBP1 protein (0.5 mM) in
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phosphate at pH 7.4. Two equivalents of (5R, 6S)-MOP-6-
acetoxy-5-hexadecanolide was added to saturate the protein
with MOP. All NMR experiments were performed at 25C
on a Bruker Avance 600 MHz spectrometer equipped with
a four channel interface and triple resonance cryogenic
probe. The
15N–
1H HSQC spectrum (Fig. 1) was recorded
with the following parameters: the number of complex
points and acquisition times were 256,180 ms for
15N (F1),
and 512,64 ms for
1H(F2). Assignment of backbone and
side-chain resonances were obtained by analyzing the fol-
lowing spectra: HNCACB, HN(CO)CACB,HNCO,CBCA
(CO)NH, HBHA(CO)NH, C(CO)NH-TOCSY, H(CCO)
NH-TOCSY,HCCH-TOCSY, and H(CCH)-COSY. The
NMR data were processed using NMRPipe and analyzed
using Sparky.
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Fig. 1 Two-dimensional
15N–
1H HSQC spectrum of Cqui-OBP1
bound to MOP at pH 7.0 recorded at 600-MHz
1H frequency. Side-
chain amide peaks are connected by the dotted lines. The protein
sample was uniformly labeled with nitrogen-15. Resonance assign-
ments are indicated and are reported in BMRB accession no. 16175
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Figure 1 presents
1H/
15N HSQC spectrum of CquiOBP1
bound to MOP at pH 7.0 to illustrate representative back-
bone resonance assignments. NMR assignments were based
on 3D heteronuclear NMR experiments performed on
13C/
15N-labeled Cqui-OBP1 (residues 1–125). The protein
sample in this study consists of 125 native residues and does
not contain any afﬁnity tags or extra residues. The vast
majority of these residues (114) exhibited strong NMR
signals with uniform intensities, indicative of a well-deﬁned
three-dimensional protein structure. About 10% of these
peaks are somewhat broadened, perhaps due to exchange
interactions with the bound MOP. Interestingly, the apo
Cqui-OBP1 at pH 7.0 (in the absence of MOP) appears to
aggregate and form a mixture of conformers under NMR
conditions. As a result, the NMR spectrum of apo Cqui-
OBP1 at pH 7.0 exhibits severe spectral heterogeneity in
stark contrast to the spectral homogeneity of monomeric
Cqui-OBP1 bound to MOP (see supplemental data).
More than 95% of the backbone resonances (
1HN,
15N,
13Ca,
13Cb, and
13CO) and *82% of aliphatic side chain
resonances were assigned, including stereospeciﬁc assign-
ment of valine and leucine methyl groups. A stretch of
residues(M89–R94)wasdifﬁculttoassignduetovery weak
NMR intensities. We suggest that the spectral broadening
associated with these residues might reﬂect an exchange
interaction with MOP in the target binding site. The chem-
icalshift assignments(
1H,
15N,
13C) ofCqui-OBP1boundto
MOP have been deposited in the BioMagResBank (http:
//www.bmrb.wisc.edu) under accession number 16175.
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